This study was carried out in order to determine the effects of the inspiration of 02-enriched air on the size of myocardial infarction. In 15 anesthetized dogs, epicardial electrograms were recorded from 10 to 14 sites on the anterior surface of the left ventricle before and after intermittent occlusion of the left anterior descending coronary artery or one of its major branches. In 
THE MAJORITY OF IN-HOSPITAL DEATHS
subsequent to acute myocardial infarction result from cardiogenic shock or "pump failure"' and a close correlation exists between this clinicophysiologic syndrome and the findings of massive infarction of myocardial tissue at postmortem examination.2' 3 Consequently, in an effort to reduce the high mortality associated with pump failure, efforts have been directed to reducing infarct size following coronary occlusion.4'-0 Interventions that favorably alter the balance between myocardial oxygen supply and demand have also been found to reduce myocardial damage following coronary artery occlusion.11-21 Enrichment of oxygen in the inspired gas is easily achieved and widely used in the treatment of patients with acute myocardial infarction but its potential value in limiting infarct size is not clear. While innocuous in modestly increased concentrations, the prolonged and continuous inhalation of very high con-centrations of 02 has been demonstrated to be hazardous.22 Accordingly, the goal of this investigation, carried out in anesthetized open chest dogs with experimentally induced coronary occlusions, was to ascertain whether and to what extent the doubling of inspired 02 concentration reduces ischemic injury, as well as whether or not the inhalation of 100% 02 provides any additional benefits.
Methods
The effect of hyperoxia on myocardial damage following coronary artery occlusion was studied using two protocols.
Protocol A: Thirty-six dogs, weighing between 18 and 25 kg, were anesthetized with sodium thiamylal (25 mg/kg) with respiration maintained by a Harvard respirator. The heart was exposed through the fifth left intercostal space and was suspended in a pericardial cradle. The left anterior descending coronary artery (LAD), or its apical branch, was dissected free from the adjacent tissue and occluded intermittently when desired, using a Schwartz intracranial arterial clamp. As previously described,'1 epicardial electrograms were obtained from ten to 14 sites on the anterior surface of the left ventricle, distributed in areas supplied by the occluded artery as well as in areas remote to it and presumably adequately perfused. Two occlusions of 20 min each were carried out with an interval of 60 min for reflow. In 15 dogs two successive occlusions using a fraction of inspired oxygen (F102) of 0.20 (20% 02 concentration) were carried out. In another 15 dogs the first occlusion was with an FIO2 of 0.20 and the second with an FI02 of 0.40 (40% 02 concentration). In six additional dogs, the effects of an F102 of 0.40 during one occlusion were compared to those respectively, 85 ± 2, 82 ± 3, and 79 ± 2 mm Hg and 85 ± 3.6 (NS), 191 ± 12 (P < 0.001), and 171 + 4 (P < 0.001) mm Hg.
Discussion
Interventions which favorably affect the balance between myocardial oxygen supply and demand can significantly reduce the size of an infarction following coronary artery occlusion. Thus, beta-adrenergic blockade with propranolol"' 12, 21 and practolol'5, 24 as well as intra-aortic balloon counterpulsation13 and nitroglycerin,'6-18 by reducing myocardial oxygen requirements, reduce myocardial damage and/or necrosis following coronary occlusion; on the other hand, interventions which presumably increase coronary artery flow to the ischemic area, either through collaterals11-13, 25 or by reperfusion of the occluded artery,19 20 reduce myocardial injury by increasing oxygen availability. In this investigation it was demonstrated that the inhalation of 40% 02 reduced electrocardiographic evidence of acute myocardial ischemic injury as well as the extent of myocardial necrosis. Sites at the periphery of the damaged zone of myocardium, which showed lesser degrees of STsegment elevation 15 min following coronary occlusion, were completely protected by an FI02 of 0.40, while sites in the center of the damaged zone, with more severe ischemic injury, were partially protected. The histologic findings were consistent with this interpretation in that half of the sites which would have been expected, on the basis of studies in animals receiving FIO2 of 0.20, to exhibit early signs of myocardial necrosis were protected by an F102 of 0. 40 and exhibited a normal histologic appearance. This finding, that enrichment of inspired 02 content reduced electrocardiographic evidence of ischemic injury, as noted in the epicardial ST segment following acute coronary occlusion, is reflected also in biochemical evidence of reduced myocardial injury (less CPK reduction).
The histologic and biochemical findings are internally consistent in that in dogs which were exposed to an F102 of 0.40: 1) as stated above, many sites which, on the basis of the ST-segment elevation, would have been expected to exhibit myocardial necrosis showed no histologic changes; 2) these same sites exhibited significantly less reduction of CPK concentration than if they had been exposed to an FI02 of 0.20 (fig. 5) ; and 3) the concentration of CPK was significantly lower in the sites with histologic evidence of myocardial necrosis than in sites with normal histologic appearance ( fig. 6 ), although the histologic assessment apparently is not sensitive enough to detect early necrosis in every site in which there was some reduction of CPK activity.
It is not known whether the reduction in myocardial CPK concentration represents CPK loss from the injured myocardium or decreased production. At least in part it represents loss into the plasma since a correlation exists between loss of myocardial CPK activity and the appearance of CPK in the plasma.26 Also, it has been shown that CPK leaks from the injured area through the lymphatics.27 The observed correspondence between depression of tissue CPK activity and histologic necrosis is consistent with earlier studies.20 26, 28 Our conclusions concerning the beneficial effects of an F102 of 0.40 are further strengthened by the observation that epicardial ST-segment elevation following coronary occlusion reflects reduction of cellular PO2,29
as well as alterations in the lactate, ATP and creatine phosphate concentrations30 of the subjacent heart muscle.
A number of possibilities should be considered in the explanation of these findings. Oxygen It is appreciated that extrapolation of these results to the clinical setting must of course be done cautiously, considering the many differences between man and dog, particularly as they relate to the richness of coronary collaterals and the fact that these studies were carried out on dogs with normal coronary vessels and myocardial function whereas most patients with myocardial infarction exhibit diffuse coronary obstructive lesions and myocardial damage. However, considering the substantial beneficial effects of an FIG2 of 0.40 on the severity of ischemic injury and the size of infarcts following coronary occlusion, and its negligible adverse effects, the routine use of this treatment in patients with uncomplicated acute myocardial infarction would appear to be rational.
